Abstract. Aluminium matrix composite with silicon carbide reinforcement has been developed to increase the hardness of the composite. The determining factors in the development of this material are alloy element content, rolling process and heat treatment. In this research, Al-7Si alloy with Zn and Mg element content variation was made as the matrix to strengthen the aluminium. The reinforcement is silicon carbide (SiC) in the form of particle with volume fraction of 5-20%. Rolling process and heat treatment were conducted to further increase the hardness. Material characterisation is conducted with chemical composition testing, microstructure observation, and hardness testing. Research showed that after rolling process with 10% reduction, the hardness of composite is increased. The improvement of hardness on precipitation heat treated composite after rolling process tend to decline compare to non-rolled composite.
Introduction
Aluminium development for many applications has been widely applied, for example, Al 5083-H116, 5059 and 7075 that made using cryomilling technique for ballistic application [1] [2] [3] . Aluminium alloy is a material with density 2.71 g/cm 3 , about one third of steel density (7.83 g/cm 3 ) [4] . Moreover, alloying with other element, such as magnesium, zinc and silicon, also by cold working and heat-treating, can increase aluminium hardness value.
One factor that affected aluminium alloy characteristic is the use of Mg and Cu element, as in the research by Dons, et.al [5] , whereas Zn will optimally increase the hardness, after a precipitation-hardening heat treatment process [6] . Based on this, in order to increase the hardness and the strength in this research, Mg and Zn alloy elements added. A research on aluminium alloy armour plate as matrix with silicon carbide reinforcement is one of the attempts to optimize the endurance toward ballistic impact by considering material weight aspect [7] .
Aluminium alloy used is Al-7Si aluminium alloy with Mg and Zn addition, based on various researches that has shown optimum ballistic characteristic from this alloy. Rolling process as one part of cold working is a plastically forming process of metal or alloy under recrystallization temperature. Cold working process resulted in strain hardening event that is an increase of hardness because of plastic deformation [8] . Heat treatment is conducted by precipitation hardening process on the subsequent composite to optimize the hardness of material.
Materials and Method
This research used Material used is Al-7Si ingot added with alloy element, with variation Mg (2, 4, and 6%) and Zn (1, 5, and 9% and aluminium matrix, the silicon carbide is preheated in the furnace to form oxide, in 1000 0 C temperature for 1 hour. The next step is melting process of aluminium alloy in a furnace with 850-870 0 C melting temperature, followed by degassing process. The SiC then poured and stirred with speed of 5000 rpm. Then, the alloy is pressed with 1 MPa pressure.
The next treatment given to composite plate to increase the material hardness is rolling process and precipitation heat treatment process. The rolling process is conducted in a room temperature with thickness reduction as much as 10% gradually from initial thickness of 15 mm. Precipitation hardening process on cast composite plate is started with solution treatment on 525 0 C for 1 hour and followed by quenching in water, and then aging process is performed in temperature of 200 0 C. Material characterization is conducted with chemical composition, microstructure observation with optical and electron microscope and hardness testing.
Discussion
Silicon carbide addition is preferred as reinforcement in order to increase the strength in composite [7] . Composite particulate characteristic is largely determined by microstructure, which related to particle distribution and voids that occurred. The particle distribution on composite starting from 5-20% volume fraction is distributed with proportional composition. The presence of void is largely determined by wettability between silicon carbide particle and aluminium alloy matrix. SEM observation showed that there was a good wettability between silicon carbide particle and matrix, which indicated by the absence of void in the interface, as shown in Fig. 1 . This condition is caused by the high content of Mg and Si that cause a smaller relative contact angle if compared to Al alloy with low level of Mg and Si [9] . Composite characteristic is greatly influenced by the content of its alloy element. The addition of Mg alloy element will increase the strength and the wettability characteristic on matrix interface with reinforcement [10, 11] . Whereas, the increase of Zn level from 1% to 9% will improve hardness and strength of aluminium alloy [6] . In its solid form, Zn ability to dissolve in aluminium is the highest among other elements, that is 8.28 wt. % [4] . This element gives only slight solid solution hardening effect or work hardening effect on aluminium, however in the presence of Mg there will be a forming of Al-Zn-Mg precipitate and that will be the base of alloy from 7xxx work and alloy from 7xxx casting. Zn addition from 1% to 5% and 9% will also increase composite hardness with Al7Si-Mg matrix, as shown in Fig. 2a . This condition was caused by solid solution strengthening mechanism, where Zn is dissolved as substituted atom in aluminium atom lattice.
Hardness improvement also occurred on composite resulted from Mg addition, as shown in Fig. 2b , where hardness improvement is significantly occur in Al-7Si-5Zn composite with variation from 2%
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Mg to 4% and 6% Mg. This is due to the solid solution strengthening mechanism. On lower Mg content, Si present as second phase particle. By increasing the Mg content, there will be a formation eutectic silicon phase with hexagonal crystal structure. This might be caused by diffusion of the silicon from SiC particle into the matrix, which caused interdendritic Si eutectic phase. Fig. 3a shows the effect of rolling process on the hardness of Al7Si6Mg5Zn and Al7Si6Mg9Zn with 5% silicon carbide reinforcement. The measurement is conducted on composite matrix using micro hardness with Vickers method. It can be seen that giving rolling process with 10% reduction will improve hardness, whether in Al7Si6Mg5Zn matrix or in Al7Si6Mg9Zn. This occurred because of an effect from deformation process on slip plane as the result of rolling process. The improvement of hardness as the result of hardening work or plastic deformation is also happened in volume fraction variation of silicon carbide reinforcement, as shown in Figure 3b . 4a shows the effect of rolling process on Al7Si2Mg5Zn matrix composite hardness with 5% SiC reinforcement on aging time variation after receiving precipitation-hardening process. The hardening process is conducted in order to improve hardness and toughness of a matrix. It can be seen that composite which received rolling process has peak hardness value that is lower than not having the rolling process. This is occurred because the rolling process has caused the Mg 2 Si precipitate phase on the grain boundary to break, which then increases the Mg 2 Si precipitate in the matrix [8] . The rolling process followed by aging process will decrease Mg 2 Si on grain boundary and increase volume fraction of α-aluminium on matrix, which then will produce precipitate which settle in the grain, due to aging process [8] . The same condition also shown in Figure 4b , the rolling process with 10% reduction will cause Al7Si4Mg9Zn matrix composite hardness with 5% SiC reinforcement to decrease, after receiving precipitation-hardening process.
Figure 4:
The effect of rolling process on the hardness with aging time variation: (a) Al7Si2Mg5Zn matrix composite with 5% SiC; (b) The effect of rolling process on the hardness of Al7Si4Mg9Zn matrix composite with 5% SiC. 5 shows a microstructure change, which occurred due to rolling process on Al7Si6Mg5Zn aluminium matrix composite with 5% SiC reinforcement. It can be seen that the grain undergone a deformation from rolling load (Fig. 5a ) and there is a recrystallization occurred, which change it to a finer grain after precipitation-hardening process (Fig. 5b) .
Conclusion
In a research that develop aluminium matrix composite with silicon carbide, several conclusions as follows are obtained.
• The increase of alloy element, Mg (2, 4, and 6%), and Zn (1, 5, and 9%), increased the hardness of aluminium matrix composite with silicon carbide reinforcement.
• The rolling process with 10% reduction increased the hardness of aluminium matrix composite with silicon carbide reinforcement. 
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• The effect of precipitation hardening treatment on aluminium matrix with silicon carbide reinforcement increased the hardness, but the improvement of hardness on precipitation heat treated composite after rolling process tend to decline compare to non-rolled composite.
